TEMPEATURE CONTROL APPARATUS FOR A HEATER USING AN ENCODER 
SWITCH AND METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

[0001] The present invention relates to a temperature control apparatus for a heater using 
an encoder switch and a method thereof, and more particularly, to a ten^eratuie control 
apparatus for a heater using an encoder switch and a method thereof that can maintain a uniform 
10 indoor temperature by receiving a user's set temperature through an encoder switch as a digital 
signal, comparing an indoor temperature inputted in real time with the set temperature, and 
repeating an on/off operation of a burner according to the result of comparison. 

Description of the Related Art 
15 [0002] Generally, a heater can compulsorily ventilate a heat-exchanged air uniformly 

inside a whole room in a relatively short time, and thus it has been used for various purposes. 

[0003] A conventional heater operates in a manner that if a user sets a desired 
temperature using a temperature setting unit such as a variable resistor, it senses the indoor 
tenq)erature, and if the sensed ten?)erature is below the set temperature, it starts burning of fuel 
20 such as gas, oil, etc., supplied to a burner by operating an igniter and ventilates hot air by 
operating a fan motor to heighten the indoor temperature. 

[0004] However, since the conventional heater adopts an analog type temperature setting 
unit using a variable resistor, it has drawbacks in that it canmi perform an accurate temperature 
control due to the limitations and error (about 20%) in setting the temperature. 
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[0005] Also, since the conventional header is not provided with a tenq)erature display 
unit for displaying the indoor temperature in real time, a separate thermometer should be 
provided in order for the user to confirm the present indoor temperature or to control the 
temperature accurately. 
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SUMMARY OF THE INVENTION 
[0006] The present invention is directed to a tenq)erature control £q)paratus for a heater 
using an encoder switch and a method thereof that substantially obviates one or more problems 
due to limitations and disadvantages of the related art. 

10 [0007] It is an object of the present invention to provide to a temperature control 

apparatus for a heater using an encoder switch and a method thereof that can maintain a uniform 
indoor temperature by receiving a user's set tempemture through an encoder switch as a digital 
signal, comparing an indoor temperature inputted in real time with the set temperature, and 
repeating an on/off operation of a burner according to the result of comparison. 

15 [0008] It is another object of the present invention to provide a temperature control 

apparatus for a heater using an encoder switch and a method thereof that can prevent the heater 
from being frequently turned on/off and thus protect the heater by setting an operation condition 
of the heater so that the heater is turned on if the indoor temperature is lower than the set 
tenq)erature by less than -2°C and turned ofT if the indoor temperature is higher than the set 

20 ten^)erature by more than 1**C. 

[0009] It is still another object of the present invention to provide a temperature control 
apparatus for a heater using an encoder switch and a method thereof that can display the indoor 
temperature and an abnormal operation mode (e.g., enor mode) during the operation of the heater 
through a tenq}erature display unit that is provided to display the indoor temperature in real time. 
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[0010] It is still another object of the present invention to provide a temperature control 
apparatus for a heater using an encoder switch and a method thereof that makes it possible to 
accurately and pronq[)tly cope with the error in accordance with the kind of error by classifying 
and displaying the kind of error during the operation of the heater. 

5 [0011] To achieve these objects and other advantages in accordance with the purpose of 

the invention, as embodied and broadly described herein, there is provided a temperature control 
apparatus for a heater using an encoder switch that controls an indoor temperature by driving a 
burner in accordance with a change of an indoor tenq)erature and ventilating heated air indoors, 
the apparatus comprising an encoder switch converting a user's set temperature value into a 

10 digital signal of a predetermined number of bits, a microcomputer for comparing the indoor 
tenq)erature iiq)utted in real time with the digital set temperature, driving the burner if the indoor 
tenq)erature is lower than the set temperature by less than a predetermined temperature Ti, and 
stopping the driving of the burner if the indoor temperature is high than the set temperature by 
more than a piedetermined temperature T2, and a display unit for checking and displaying various 

15 kinds of error modes occuiing while the burner is driven in accordance with a control signal 
inputted from the microcomputer 

[0012] In another aspect of the present invention, there is provided a temperature control 
method for a heater using an encoder switch that controls an indoor temperature by driving a 
burner in accordance with a change of an indoor temperature and ventilating heated air indoors, 

20 the method comprising the steps of converting a temperature set by a user into a digital signal of 
a predetermined number of bits through the encoder switch and inputting the digital set 
tenq)erature, sensing the indoor temperature changed in real time through a thermistor and 
inputting the sensed indoor temperature; comparing the indoor temperature inputted in real time 
with the digital set temperature inputted from the encoder switch, and driving the burner if the 



indoor temperature is lower than the set temperature by less than a predetermined temperature Tj ; 
checking and displaying various kinds of error modes occurring while the burner is driven; 
stopping the driving of the burner if the indoor temperature rising according to the driving of the 
burner is high than the set temperature by more than a predetermined temperature T2; and 

5 maintaining the indoor temperature uniformly with the set temperature by sensing the indoor 
temperature dropping according to the stop of the driving of the burner, driving the burner if the 
indoor temperature is lower than the set tenq)erature by less than a predetermined temperature Ti, 
and stopping the driving of the burner if the indoor tenQ}erature rising according to the driving of 
the burner is high than the set temperature by more than a predetermined temperature T2, 

10 [0013] The temperature control method may further comprises the steps of the 

microcomputer determining whether an error occurs by checking the digital signal iiq>utted fiom 
the encoder switch; the microcomputer determining whether an error occurs by checking a 
voltage value inputted from the thermistor, the microcomputer determining whether an error 
occurs by checking a temperature of the burner rising in accordance with the driving of the 

1 5 burner, and the microcomputer determining whether an error occurs by checking an ignition state 
of the burner by sensing fire taken in accordance with the driving of the igniter, wherein if it is 
determined that the error occurs, the microcomputer displays "El", "E2", "E3" and "E4" as error 
modes of the encoder switch through a ten^erature display unit and flickers a power LED. 

[0014] Additional advantages, objects, and features of the invention will be set forth in 

20 part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned by practicing the invention. 
The objectives and other advantages of the invention may be realized and attained by the 
structure particulariy pointed out in the written descrq)tion and claims hereof as well as the 
appended drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The accompanying drawings, which arc included to piovide a further 
understanding of the invention and arc incorporated in and constitute a part of this application, 
5 illustrate embodiment(s) of the invention and tog^er with the description serve to explain the 
principle of the invention. In the drawings: 

[0016] FIG. 1 is a block diagram illustrating a temperaturc control apparatus for a heater 
using an encoder switch according to an embodiment of the prcsent inventioa 

[0017] FIG. 2 is a circuit diagram illustrating a temperature control apparatus for a heater 
1 0 using an encoder switch according to an embodiment of the present inventioa 

[0018] FIGs. 3a and 3b are flowcharts illustrating a temperature control method for a 
heater using an encoder according to an embodiment of the present invention. 

[0019] FIG. 4 is a flowchart illustrating a process of an ignition error mode in the 
temperature control method according to the present inventioa 
15 [0020] FIG. 5 is a flowchart illustrating a process of a thermistor error mode in the 

temperature control method according to the present inventioa 

[0021] FIG. 6 is a flowchart illustrating a process of an encoder switch error mode in the 
tenq)erature control method according to the present inventioa 

[0022] FIG. 7 is a flowchart illustrating a process of a burner error mode in the 
20 temperature control method according to the present inventioa 

nF.TAn.RD DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0023] Reference will now be made in detail to the preferred embodiment of the present 
invention, examples of which are iUustrated in the accompanying drawings. Wherever possible, 
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the same reference numbers will be used throughout the drawings to refer to the same or like 
parts. 

[0024] Hereinafter, the temperature control apparatus for a heater using an encoder 
switch and the method thereof according to the present invention will be e:q>lained with reference 
5 to the accompanying drawings. 

[0025] The basic structure of the heater to which the present invention is applied is well 
known in the art, and the detailed explanation thereof will be omitted. 

[0026] FIG. 1 is a block diagram illustrating a temperature control apparatus for a heater 
using an encoder switch according to an embodiment of the present invention, and FIG. 2 is a 
10 circuit diagram illustrating a temperature control apparatus for a heater using an encoder switch 
according to an embodiment of the present inventioa 

[0027] Referring to FIGs. 1 and 2, the temperature control apparatus according to the 
present invention includes a power supply unit 10, a temperature setting unit 20, a burner 30, a 
solenoid valve driving unit 40, an igniter driving unit 50, a motor driving unit 60, a fire sensing 
1 5 unit 70, an ignition state display imit 80, a temperature sensing unit 90, a temperature display unit 
100, a temperature display selecting unit 1 10, an a microcomputer 130. 

[0028] The power supply unit 10 is provided with a power switch 13 for controlling an 
on/ofF operation of an AC power supply provided from a power iiq)ut terminal 1 1, a power fuse 
13, connected to the power switch 13, for intercepting the power if overcurrent is supplied from 
20 the power input terminal 11 or an abnormal current flows from the outside, a capacitor CI, 
connected in parallel to the power switch 13, for removing a power noise component of the AC 
power supply iiqiutted from the power input terminal 11, a varistor ZMll, connected in parallel 
to the capacitor CI, to intercept overvoltage,^a power transformer 17, connected in parallel to the 
varistor ZNRl, for receiving the AC power supply inputted from the power input terminal 1 1 to 
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its primaiy winding, and inducing an AC voltage of a predetermined low voltage on its secondaiy 
winding, a smoothing capacitor C2 for removing a noise component contained in the AC voltage 
induced in the power transformer 17, a bridge rectifier 19 for full-wave-rectifying the AC voltage 
lowered by yhe power transformer 17 to output a DC voltage of a predetermined level (for 

5 example, 12 V), smoothing capacitors C3 to C5, connected to an output terminal of the bridge 
rectifier 19, for removing a ripple component (i.e., low-fiiequency component) and a noise 
component (i.e., high-frequency component) contained in the DC voltage rectified by the bridge 
rectifier 19, a voltage regulator ICl for regulating the DC voltage filtered through the smoothing 
capacitors C3 to C5 to output a constant DC voltage of a predetermined level (for example, 12 V), 

1 0 and smoothing capacitors C6 to C8, connected to an output terminal of the voltage regulator ICl , 
for removing a ripple coniponent and a noise component contained in a constant voltage 
outputted fiom the voltage regulator ICl . 

[00291 The temperature setting unit 20 enables a user to set the indoor temperature to a 
specified value desired by the user using an encoder switch 21, and is provided with the encoder 

15 switch 21 for setting the indoor temperature to a digital value of 4 bits, resistors R8 to R15, 
connected to the encoder switch 21, for iiq)utting the 4-bit digital signal to the micT0conq)uter 
130, capacitors C16, C15, C14 and C12 for stabUizing a potential of the digital signal inputted to 
the microcomputer 130, and a resistor R17 and a capacitor C9 connected to the encoder switch 21. 
[0030] For example, if the user sets the indoor temperature to 25C, this irq)ut value of the 

20 set temperature is converted into a 4-bit digital signal, and then irq>utted to the microconQ>uter 
130. 

[0031] The burner 30 includes a heat-radiating tube for generating combustion heat. The 
burner is a well-known element of the heater, and thus the detailed explanation thereof will be 
omitted. 
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[0032] The solenoid valve driving unit 40 controls the driving of a solenoid 41 under the 
control of the microcomputer 130 so that the solenoid valve supplies or intercepts the supply of 
fuel contained in a fuel tank (not illustrated) to the burner 30. The solenoid valve driving unit 40 
is provided with a transistor TR3 for performing a switching operation according to the control 
5 signal outputted from the microcomputer 130, a relay RY3, connected to the transistor TR3, for 
being driven by the DC voltage (12V) outputted from the power supply unit 10 in accordance 
with the switching operation of the transistor TR3, and a solenoid valve 41,connectd to the rel^ 
RY3, for being driven by the AC power supply from the power input terminal 11 in accordance 
with the driving of the relay RY3. Also, a voltage dividing resistor for dividing the control signal 
10 outputted from the microcomputer 130 is connected to the transistor TR3, and a diode D7 for 
protecting the relay is connected in parallel to the relay RY3 in order to bypass an inverse 
electromotive force (EMF) generated during the driving of the relay RY3. A thermostat (e.g., 
buzzer generating unit 120) is connected between the relay RY3 and the solenoid valve 41. 

[0033] The igniter driving unit 50 controls the driving of the igniter (ignition 
1 5 transformer) 5 1 by striking spaiks onto the combustion fiiel supplied to the burner 30. The igniter 
driving unit 50 is provided with a transistor TR2 for peifonning a switching operation according 
to the control signal outputted from the microcomputer 130, a relay RY2, coimected to the 
transistor TR2, for being driven by the DC voltage (12V) ouQ)utted from the power suppty unit 
10 in accoidance with the switching operation of the transistor TR2, and an igniter 51, connected 
20 to the relay RY2, for being driven by the AC power supply from the power input terminal 1 1 in 
accordance with the driving of the relay RY2. Also, a voltage dividing resistor for dividing the 
control signal outputted from the microcomputer 130 is connected to the transistor TR2, and a 
diode D6 for protecting the relay is connected in parallel to the relay RY2 in order to bypass an 
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inverse electromotive force generated during the driving of the relay RY2. A varistor ZNR2 is 
connected in parallel to the igniter 51. 

[0034] The motor driving unit 60 drives a fan motor 61 for rotating a fan under the 
control of the microcomputer 130 so as to exhaust the heated air to the outside as the burner 30 

5 operates and to compress and inject the combustion fuel suppUed to the burner 30 as well. The 
motor driving unit 60 is provided with a transistor TRl for performing a switching operation 
according to the control signal outputted from the nucrocomputer 130, a rel^ RYl, connected to 
the transistor TRl, for being driven by the DC voltage (12V) outputted from the power supply 
unit 10 in accordance with the switching operation of the transistor TRl, and a fan motor 61, 

10 connected to the relay RYl, for being driven by the AC power suppfy fiom the power iiqjut 
tenninal 1 1 in accordance with die driving of the relay RYl. Also, a voltage dividing resistor for 
dividing the control signal outputted from the microcomputer 130 is connected to the transistor 
TRl, and a diode D5 for protecting the relay is connected in parallel to the relay RYl in order to 
bypass an inverse electromotive force generated during the driving of the relay RYl. A 

1 5 protection element for controlling a large current (e.g., buzzer generating unit 120) composed of 
a resistor and a capacitor is coimected in parallel to the relay RYl. 

[0035] The fire sensing unit 70 senses tiie fire state of the burner 30 taken in accordance 
witii the driving of the igniter 51, and outputs the result of sensing to the microcomputer 130 in 
order to determine the ignition state of the burner 30. The first sensing unit 70 is provided with a 

20 photocell P/C the resistance value of which varies in accordance with the change of the first state, 
a resistor R4, connected in parallel to the photocell P/C, for outputting a voltage value that varies 
according to the resistance value of the photocell P/C to the microcomputer 130, a resistor R5, 
cormected to the resistor R4, for outputting a voltage value divided by the resistor R4 and the 
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photocell P/C to the microcomputer 130, and a capacitor C19, comiected to the resistor R5, for 
stabilizing the potential of the voltage signal inputted to the microcomputer 130. 

[0036] Accordingly, the microcomputer 130 determines that an error occurs if the 
voltage value that corresponds to the fire state and is iiq)utted from the fire sensing unit 70 
5 deviates from a predetermined reference voltage range, and stops the driving of the burner 30. 

[0037] The ignition stale display unit 80 displays the ignition state of the burner 30 using 
an LED and so on under the control of the microcomputer 130. If it is determined that an initial 
ignition fails or the fire state sensed by the fire sensing unit 70 is not normal, the microcomputer 
130 alternately outputs high/low-level control signal at predetermined intervals (for e?^ple, at 
1 0 intervals of one minute or 0.5 minute). The power LED LEDl receives the highAow-level control 
signal outputted from the microcomputer 130 through the resistor R18, and flickers at tiie 
predetermined intervals (for example, at intervals of one minute or 0.5 minute). 

[0038] Meanwhile, in the case of the normal combustion, a low-level control signal 
outputted from the microcomputer 130 is inputted to the power LED LEDl through the resistor 
16 R18 to turn on the power LED LEDl. 

[0039] The temperature sensing unit 90 senses in real time the indoor tenq)erature that 
changes according to the driving of the burner 30, and transfers the sensed temperature to the 
microcomputer 130. The temperature sensing unit 90 is provided with a thermistor RTH the 
resistance value of which varies according to the change of the indoor temperature, a resistor R2, 
20 connected in parallel to the thermistor RTH, for outputting a voltag value that varies according to 
the resistance value of the thermistor RTH to the microcomputer 130, a resistor Rl, connected to 
the resistor R2, for outputting a voltage value divided by the resistor R2 and the thermistor RTH 
to the microcomputer 130, and a capacitor C18, connected to the resistor Rl, for stabilizing the 
potential of the voltage signal inputted to the microcomputer 130. 
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[0040] Meanwhile, the temperature sensing unit 90 may sense a burner temperature Tb 
that changes according to the driving of the burner 30. 

[0041] The temperature display unit 100 displays the indoor tenqperature sensed in real 
time by the temperature sensing unit 90 and inputted to the microcomputer 130. The tenq)eniturc 
display unit 100 is provided with a 7-segment type LED module 101 connected to the 
microcomputer 130 via resistors RlOl to R107, and transistors TR4 and TR5, connected to the 
LED module 101, for driving the LED module 101 in accordance with the control signal received 
fipom the microcomputer 130. 

[0042] The temperature display unit 100, along with the ignition state display unit 80, 
displays an abnormal state (e.g., error mode) during the operation of the heater, in addition to the 
display of the indoor temperature. 

[0043] Specifically, the teniperature display unit 100 displays the abnormal states such as 
the initial ignition failure, error occurrence in the encoder switch 21, error occurrence due to 
overheat, etc., as error modes (for example, error modes of El, E2, E3, E4, etc.) that can be 
recognized by the user. 

[0044] The temperature display selection unit 110 is for selecting the display of the 
indoor temperature by either Celsius (C) or Fahrenheit (F). The temperature display selection unit 
110 is piDvided with a resistor R16 for inputting a voltage signal of 5V or OV to the 
microcomputer 130, and a display selecting element OPTl, and the microcomputer 130 displays 
the indoor temperature by either Celsius (C) or Fahrenheit (F) through the temperature display 
unit 100. 

[0045] The buzzer generating unit 120 generates a buzzer sound under the control of the 
microcomputer 130 when the user sets the indoor temperature using the encoder switch 21 or an 
error occurs in the igniter 51, thermistor RTH, burner 30, encoder switch 21, etc. The buzzer 
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generating unit 120 is provided with a buzzer 121 for receiving the control signal outputted from 
the microcomputer 130 through resistors R19 and R20 and generating the buzzer sound, and an 
LED LED2 for turned on/off in accordance with the control signal inputted from the 
microcomputer 130 through a resistor R19 during the driving of the buzzer 121. 
5 [0046] The microcomputer 130 performs a control operation so as to maintain the indoor 

temperature in the range of -30®C to 50**C by comparing the indoor temperature iiq)utted in real 
time from the temperature sensing unit 90 with the digital set temperature of 4 bits inputted from 
the teiiq)erature setting unit 20. In order to prevent the load that includes the solenoid valve, the 
igniter and the fan motor from being frequently turned on/off, the microcomputer 130 perfonns 
10 the control operation in such a manner that if the indoor temperature is lower than the set 
tenq)erature by less than -2°C, it turns on the load, while if the indoor ten5)erature is higher than 
the set temperature by more than +1°C, it turns off the load. 

[0047] Also, in order to control the combustion state of the bumer 30, the microcon5)uter 
130 senses the error occurrence caused by the failure of the initial ignition by primarily checking 
15 sparks (during the ignition), and senses the error occurrence caused by the incomplete 
combustion by secondarily checking the resistance value of the photocell that varies 
corresponding to the change of the brightness of the fire (during the operation). In the case of the 
error occurrence, the microconq)uter 130 controls the buzzer generating unit 120, the ignition 
state display unit 80 and the temperature display unit 100 to enable the user to pronq)tly cope 
20 with the error occurrence. 

[0048] At this time, if the indoor temperature transferred from the temperature sensing 
unit 90 becomes lower than the temperature set by the user by less than -2**C, the microconq)uter 
.130 drives the bumer 30 by controlling the driving of the solenoid valve 41, the igniter 51 and the 
fan motor 61. Accordingly, the indoor tenq)erature Tr rises. 
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[0049] Thereafter, if the indoor temperature transferred from the ten^)erature sensing 
unit 90 becomes higher than the set temperature by more than +1°C, the microcomputer 130 
stops the driving of the solenoid valve 41, the igniter 51 and the fan motor 61. Accordingly, the 
indoor temperature Tr drops. 
5 [0050] Hereinafter, the operation of the ten?)erature control apparatus for a heater using 

an encoder switch as constructed above according to the present invention will be explained. 

[0051] FIGs. 3a and 3b are flowcharts illustrating a temperature control method for a 
heater using an encoder according to an embodiment of the present inventioa In FIGs. 3a and 3b, 
"S" denotes a step. 

1 0 [0052] First, if the power switch 1 3 is turned on (S 10), the AC power supply (AC220 V, 

60Hz) provided from the power input tenninal 1 1 is ^plied to the primary winding of the power 
transformer 17, and a specified lowered AC voltage is induced in the secondary winding of the 
transformer 17. 

[0053] The AC supply voltage lowered by the power transformer 17 is fiiU-wave- 
15 rectified to a specified DC voltage (for example, 12 V) through the bridge rectifier 19, and then 
the rectified DC voltage is filtered through the capacitors C3 to C5 to remove a ripple component 
and a noise component contained in the rectified DC voltage. 

[0054] The DC voltage filtered through the C2q)acitors C3 to C5 is regulated to a constant 
voltage of 5V through the voltage regulator ICl, and the regulated constant voltage is inputted to 
20 the power terminal of the microcomputer 130. 

[0055] Accordingly, the microcomputer 130 receives the constant voltage signal inputted 
to its power terminal, initializes the temperature control apparatus of the heater, and then outputs 
the control signal to the ignition state display unit 80 and the temperature display unit 100. 
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[0056] The low-level control signal iiq>utted from the microconq)uter 130 to the ignition 
state display unit 80 is supplied to the power LED LEDl through the resistor R18, so that the 
power LED LEDl is turned on. The low or high-level control signal inputted from the 
microcomputer 130 to the temperature display unit 100 is supplied to the LED module 101 
5 through the resistors RIO 1 to R107, so that the present temperature is displayed (S30). 

[0057] Thereafter, the user sets the indoor temperature using the rotaiy encoder switch 
21 that is the tenq)erature setting unit 20. At this time, by displaying the temperature value set by 
the user on the temperature display unit 100, the user can easily set the indoor temperature (S40). 

[0058] The temperature value set by the user is converted into a 4-bit digital signal by the 
10 encoder switch 21, and then inputted to the microcomputer 130 through the resistors R9, RIO, 
R12andR14. 

[0059] For example, if the user sets the indoor temperature to 25**C, the input value of 
the set temperature Ts is converted into the 4-bit digital signal, and then iiq)utted to the 
microcomputer 130 (S50). 
15 [0060] At this time, the microcomputer 130 determines whether an error occurs (in this 

case, "1111" is iiq>utted) by checking the 4-bit digital signal iiq>utted from encoder switch 21, 
and if it is determined that the error occurs, the encoder switch 21 enters into an error-3 mode 
(S60). 

[0061] If it is determined that the 4-bit digital signal inputted fiom the encoder switch 21 
20 is normal, the thermistor RTH of the temperature sensing unit 90 senses in real time the 
resistance value according to the indoor temperature Tr, and inputs the resistance value ofa the 
resistor R2 and the thermistor RTH that changes in accordance with the resistance value of the 
thermistor RTH to the microcomputer 130 to the resistor Rl (S70). 
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[0062] The microcomputer 130 determines whether an error occurs (in this case, "0 V is 
iiq)utted) by checking the voltage value inputted through the resistor R2 and the thermistor RTH, 
and if it is determined that the error occurs, the thermistor RTH enters into an error-2 mode (S80). 

[0063] If it is determined that the voltage value iiq)utted from the thermistor RTH is 
5 normal, the microcomputer 130 determines whether the indoor temperature Tr inputted ftom the 
temperature sensing unit 90 is lower than the set temperature Ts by less than a predetermined 
value Ti (for example, -2^C) by comparing the indoor temperature Tr with the set temperature Ts 
(S90). 

[0064] If it is determined that the indoor temperature Tr is not lower than the set 
10 tenq)erature Ts by less than the value Ti (for exanq)le, -2''C), the microcomputer 130 returns to 
step S70, and repeatedly performs the steps following step S70 as it continuously senses the 
indoor ten(q)erature Tr. 

[0065] Meanwhile, if it is determined that the indoor temperature Tr is lower than the set 
tenq>erature Ts by less than the value Ti (for example, -2^C), the microcomputer 130 outputs the 
1 5 control signal to the igniter driving unit 50 to start the combustion operation of the heater. 

[0066] The high-level control signal outputted from the microcomputer 130 is ^plied to 
the transistor TR2 of the igniter driving unit SO to turn on the transistor TR2, and thus the DC 
voltage of 12V supplied from the power supply unit 10 is applied to the relay RY2 to turn on the 
relay RY2. 

20 [0067] If the relay RY2 is turned on, the AC power is supphed to the igniter 51 through 

the relay RY2 to turn on (e.g., drive) the igniter 51, and the high-voltage spaiks fly in the burner 
30 (SlOO). 

[0068] Thereafter, the microconq)uter 130 outputs the control signal to the solenoid valve 
driving unit 40 so as to supply the combustion fuel such as gas, oil, etc., to the burner 30. 



[0069] The high-level control signal outputted fitom the microcomputer 130 is applied to 
the transistor TR3 of the solenoid valve driving unit 40 to turn on the transistor TR3, and thus the 
DC voltage of 12V is applied to the relay RY3 to turn on the relay RY3. 

[00701 If the rel^ RY3 is turned on, the AC power is supplied to the solenoid vah^e 41 
5 through the relay RY3 to turn on (e.g., drive) the solenoid vah^e 41, and the fuel is supplied into 
the burner 30 (SI 10). 

[0071] Then, the high-level control signal outputted from the microcomputer 130 is 

applied to the transistor TRl of the motor driving unit 60 to turn on the transistor TRl, and thus 

the DC voltage of 12V is applied to the relay RYl to turn on the relay RYL 
10 [0072] If the relay RYl is turned on, the AC power is supplied to the fan motor 61 

through the rel^ RYl to turn on (e.g., drive) the fan motor 61, and the fuel being compressed 

and injected into the burner 30 is ignited through the igniter 51 (S120). 

[0073] At this time, the photocell P/C of the fire sensing unit 70 senses the resistance 

value that varies in accoidance with the fire state of the burner during the ignition operation of 
15 the igniter 51, and outputs the resistance value of the resistor R4 and the photocell P/C that varies 

according to the resistance value of the photocell P/C to the microconqiuter 130 through the 

resistor R5 (S130), 

[0074] The microcomputer 130 determines whether an error occurs (for example, 
whether tte value of 100ms is inputted more than three times for 5 seconds) by checking the 
20 voltage value iiq)utted through the resistor R4 and the photocell P/C, and if it is determined that 
the error occurs, the microcomputer 130 enters into an error-1 mode due to the failure of the 
initial ignition (S140). 

[0075] Thereafter, if the fuel gradually decreases or the fire becomes unstable due to the 
continuous combustion operation, the microcomputer 130 determines whether an error occurs 
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(for example, whether the value of 100ms is inputted more than three times for 5 seconds) by 
continuously checking the voltage value inputted through the resistor R4 and the photocell P/C, 
and if it is determined that the enor occurs, the microcomputer 130 enters into an en-or-l mode 
due to the incomplete combustion (SI SO). 

5 [0076] If it is determined that the initial ignition or the continuous combustion operation 

is nonnal, the microcomputer determines whether an error occurs (whether the temperature of the 
burner is higher than the maximum temperature of the burner by more than 30°C) by sensing the 
internal temperature Tb of the burner 30, which rises corresponding to the combustion operation 
of the burner 30, through the temperature sensing unit 90, and if it is determined that the error 

10 occurs, the microconq)uter 130 enters into an error-4 mode due to the overheat of the burner 30 
(S160toS170). 

[00771 If it is determined that the ten?)erature Tb of the burner 30 is normal, the 
combustion is performed in the burner 30, and the heated air is compulsorily ventilated by the 
driving of the fan motor 61 to rise the indoor temperature. At this time, the temperature sensing 
15 unit 90 senses the rising indoor temperature Tr through the thermistor RTH, and outputs the 
sensed indoor temperature to the microcomputer 130 (SI 80). 

[0078] The microcomputer 130 determines whether the indoor temperature Tr inputted 
from the temperature sensing unit 90 is higher than the set temperature Ts by more than a 
predetermined value Ti (for example, +1°C) by comparing the indoor temperature Tr with the set 
20 ten5)eratureTs(S190). 

[0079] If it is determined that the indoor temperature Tr inputted from the temperature 
sensing unit 90 is not higher than the set tenq)erature Ts by more than the predetermined value Ti 
(for example, +1°C), the microcomputer 130 returns to step S180 and repeatedly performs the 
steps following step SI 80 as it continuously senses the indoor tenq>erature Tr, 
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[0080] Meanwhile, if it is determined that the indoor temperature Tr is higher than the set 
tenq)erature Ts by more than the value Ti (for example, +PC), the microcomputer 130 outputs 
the control signal to the solenoid valve driving unit 40 to stop the combustion operation of the 
heater. 

5 [0081] The low-level control signal outputted from the microcomputer 130 is applied to 

the transistor TR3 of the solenoid valve driving unit 40 to turn off the transistor TR3, and this 
causes the relay RY3 to be turned off. 

[0082] ff the relay RY3 is turned off, the AC power supplied to the solenoid valve 41 is 
intercepted to turn off the solenoid valve 41, and thus the supply of the fuel into the burner 30 is 
10 intercepted (S200). 

[0083] Meanwhile, the low-level control signal outputted from the microconq)uter 130 is 
applied to the transistor TRl of the motor driving unit 60 to turn off the transistor TRl, and this 
causes the relay RYl to be turned off, 

[0084] If the relay RYl is turned off, the AC power supplied to the fan motor 61 through 
15 therelay RYl isinterceptedto turn off (e.g., stop) the fan motor 61 (S210). 

[0085] Thereafter, the microcomputer 130 outputs the control signal to the igniter driving 
unit 50 to stop the ignition operation of the burner 30. 

[0086] The low-level control signal outputted from the microcomputer 130 is applied to 
the transistor TR2 of the igniter driving unit 50 to turn off the transistor TR2, and this causes the 
20 relay RY2 to be turned off. 

[0087] If the relay RY2 is turned off, the AC power supplied to the igniter 51 is 
intercepted to turn off the igniter 51, and thus the supply of the AC power to the igniter 51 
through the relay RY2 is intercepted (S220). 
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[0088] As described above, the solenoid valve 41, the fan motor 61 and the igniter 51 are 
sequentially turned off, and thus the combustion operation of the heater is stopped. Accordingly, 
the indoor temperature drops again, and the microcomputer 130 returns to step S40 and 
repeatedly performs the steps following step S40. 
5 [0089] Accordingly, the microcomputer 130 checks whether the indoor temperature Tr 

inputted from the temperature sensing unit 90 drops below the set temperature Ts or the set 
tenq)erature Ts is changed by the user, and if it is checked that the indoor temperature Tr drops 
below the set temperature Ts, the microcomputer 130 drives again the igniter 51, the solenoid 
valve 41 and the fan motor 61, and the indoor temperature rises again, 
10 [0090] At this time, in order to prevent the load of the heater composed of the igniter, 

solenoid valve and fan motor from being frequently turned on/ofif, the microcomputer 130 sets an 
operation condition of the heater so that the heater is turned on if the indoor tenq>erature is lower 
than the set temperature by less than -2°C and turned off if the indoor temperature is higher than 
the set temperature by nrore than I'^C. 
15 [0091] As described above, the temperature control apparatus according to the present 

invention can remove the error (about 20%) that occurs in tte conventional analog type 
temperature setting imit using a variable resistor and can continuously maintain the temperature 
set by the user through an accurate temperature control by receiving the user's set temperature 
through the encoder switch as a digital signal, comparing the indoor temperature inputted in real 
20 time with the set temperature, and turning on/ofif the burner according to the result of comparison. 

[0092] Next, in the temperature control method for a heater according to the present 
invention, error mode processing methods performed due to the failure of the initial ignition or 
the incomplete combustion will be explained. 
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[0093] FIG. 4 is a flowchart illustrating the process of an ignition error mode in the 
temperature control method according to the present inventioa 

[0094] If an error occurs during the initial ignition or the continuous combustion 
operation, the microcomputer 130 enters into an error-l mode to clear time, and turns off the 
5 solenoid valve 41, the igniter 51 and the fan motor 61 by controlling the solenoid valve driving 
unit 40, the igniter driving unit 50 and the motor driving unit 60 (S14 1 and S 142) 

[0095] Then, the microcomputer 130 enables the user to confirm what error occurs in the 
heater by displaying the character "Er through the temperature display unit 100 for displ^ing 
the present temperature, and thus makes it possible for the user to promptiy cope with the error 
1 0 occurrence due to the failure of the initial ignition or the incomplete combustion (S 143 ). 

[0096] Then, the nucrocomputer 130 turns off the power LED LEDl that displays the 
ignition state of the heater by outputting the control signal for flickering the power LED LEDl to 
the ignition state display imit 80 (S144). 

[0097] Thereafter, the microcomputer 130 determines whetiier a predetermined time ta 
15 (for example, about 1 second) elapses by coxmting an off time of the power LED LEDl, and if 
the predetermined time ta elapses, the microcomputer 130 clears a time counter, and then turns 
on the power LED LEDl by controlling the ignition state display xmit 80 (S145 to S147). 

[0098] The microcomputer 130 determines whether tte predetermined time ta elapses by 
counting an on time of the power LED LEDl, and if the predetermined time ta elapses, the 
20 microcomputer 130 clears the time counter again (S148 and S149), and flien returns to step S144 
to repeatedly perform the steps following step SI 44. 

[0099] Consequently, the microcomputer 130 displays tiie error mode of "El" through 
the temperature display unit 100, and simultaneously enables the user to promptly confirm the 
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ignition error state by flickering the power LED LED 1 at predetermined intervals ta (for example, 
about 1 second). 

[00100] Next, in the temperature control method for a heater according to the present 
invention, an error mode processing method performed due to the inferiority of the thermistor 
5 will be explained. 

[00101] FIG. 5 is a flowchart illustrating the process of a thermistor error mode in tiie 
tenq>erature control method according to the present inventioa 

[00102] If an error occurs in the thermistor, the microcomputer 130 enters into an error-2 
mode to clear time, and turns off the solenoid vah^e 41, the igniter 51 and tiie fan motor 61 by 
10 controlling the solenoid valve driving unit 40, the igniter driving unit 50 and the motor driving 
unit60(S81andS82) 

[00103] Then, the microcomputer 1 30 enables the user to confirm what error occurs in the 
heater by displaying the character "E2" through the temperature display unit 100 for displaying 
the present temperature (S83). 
15 [00104] Then, the microcomputer 130 turns off the power LED LEDl that displays the 
ignition state of tiie heater by outputting the control signal for flickering the power LED LEDl to 
the ignition state display unit 80 (S84). 

[00105] Thereafter, the microcomputer 130 determines whether a predetermined time tb 
(for exanq>le, about 0.5 second) elapses by counting an off time of the power LED LEDl, and if 
20 the predetermined time tb elapses, the microconq)uter 130 clears a time counter, and then turns 
on the power LED LEDl by controlling the ignition state display unit 80 (S85 to S87). 

[00106] The microcomputer 130 determines whether the predetermined time fb elapses by 
counting an on tirm of the power LED LEDl, and if the predetermined time tb elapses, the 



21 



microcomputer 130 cleais the time counter again (S88 to S149), and then returns to step S84 to 
repeatedly perform the steps following step S84. 

[00107] Consequently, the microconq)uter 130 displays the error mode of "E2" through 
the temperature display unit 100, and simultaneously enables the user to pronq)tly confirm the 
5 thennistor enor state by flickering the power LED LEDl at predetermined intervals tb (for 
example, about 0.5 second). 

[00108] Next, in the temperature control method for a teater according to the present 
invention, an error mode processing method performed due to the inferiority of the encoder 
switch will be explained. 

1 0 [00109] FIG. 6 is a flowchart illustrating a process of an encoder switch error mode in the 
temperature control method according to the present inventioa 

[00110] If an error occurs in the encoder switch 21, the microcomputer 130 enters into an 
error-3 mode to clear time, and turns off the solenoid valve 41, the igniter 51 and the fan motor 
61 by controlUng the solenoid vah^e driving unit 40, the igniter driving unit 50 and the motor 
15 driving unit 60 (S61 and S62) 

[00111] Then, the microcomputer 1 30 enables the user to confirm what error occurs in the 
heater by displaying the character "E3" through the temperature displ^ unit 100 for displaying 
the present temperature (S63). 

[00112] Then, the microconq)uter 130 turns oS the power LED LEDl that displays the 
20 ignition state of the heater by outputting the control signal for flickering the power LED LEDl to 
the ignition state display unit 80 (S64). 

[00113] Thereafter, the microcomputer 130 determines whether a predetermined time tc 
(for exan5)le, about 0.7 second) elapses by counting an off time of the power LED LEDl, and if 
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the predetermined time tc elapses, the microcomputer 130 clears a time counter, and then turns 
on the power LED LEDl by controlling the ignition state display unit 80 (S65 to S67), 

[00114] The microcomputer 130 determines whether the predetermined time tc elapses by 
counting an on time of the power LED LEDl, and if the predetermined time tc efc5>ses, the 
5 microcomputer 130 clears the time counter again (S68 to S69), and then returns to step S64 to 
repeatedly perform the steps following step S64. 

[00115] Consequently, the microcomputer 130 displays the error mode of "E3" through 
the temperature display unit 100, and simultaneously enables the user to promptly confirm the 
error state of the encoder switch 21 by flickering the power LED LEDl at predetermined 
1 0 inten^als tc (for example, about 0.7 second). 

[00116] In the embodiment of the present invention, the microcomputer 130 sets the time 
tc to about 0.7 second. However, the present invention is not limited thereto, but the time tc may 
be set to 0,5 second or 0.7 second like the set time ta or tb, 

[00117] Next, in the temperature control method for a heater according to the present 
15 invention, an error mode processing method performed due to overheat of the burner will be 
explained. 

[00118] FIG. 7 is a flowchart illustrating a process of a burner error mode in the 
tenq)erature control method according to the present inventioa 

[00119] If an error occurs in the burner 30, the micn>conq)uter 130 enters into an error-4 
20 mode to clear time, and turns off the solenoid valve 41 by controlling the solenoid valve driving 
unit 40 (S171andS172) 

[00120] Then, the microcomputer 130 enables the user to confirm what error occurs in the 
heater by displaying the character "E4" through the temperature display unit 100 for displaying 
the present temperature (SI 73). 
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[00121] Then, the microcomputer 130 turns off the power LED LEDl that displays the 
ignition state of the heater by outputting the control signal for flickering the power LED LEDl to 
the ignition state display unit 80 (SI 74). 

[00122] Thereafter, the microcomputer 130 determines whether a predetermined time td 
5 (for exanq)le, about 0.8 second) elapses by counting an off time of the power LED LEDl, and if 
the predetermined time td elapses, the microcomputer 130 clears a time counter, and then turns 
on the power LED LEDl by controlling the ignition state display unit 80 (S175 to S177). 

[00123] The microcomputer 130 determines whether the predetermined time td elapses by 
counting an on time of the power LED LEDl, and if the predetennined time td elapses, the 
10 microcomputer 130 clears the time counter again (S178 to S179), and then returns to step S174 to 
repeatedly perform the steps following step SI 74. 

[00124] Consequently, the microcomputer 130 displays the error mode of "E4" through 
the temperature display unit 100, and simultaneously enables the user to promptly confirm the 
error state of the bumer30 by flickering the power LED LEDl at predetermined intervals td (for 
1 5 example, about 0.8 second). 

[00125] In the embodiment of tte present invention, the microcomputer 130 sets the time 
td to about 0.8 second. However, the present invention is not hmited thereto, but the time td may 
be set to 0.5 second, 1 second or 0.7 second like the set time ta, fb or tc. 

[00126] Meanwhile, in the embodiment of the present invention, the processes of 
20 checking error modes in the case of the error occurrence due to the failure of the initial ignition of 
the burner 30, the error occurrence due to the incomplete combustion occurring during the 
combustion operation of the burner 30, the error occurrence in the thermistor, the error 
occurrence in the encoder switch, and the error occurrence due to the overheat of the burner 30 
have been explained in order for the sake of convenience in explanation However, the present 



invention is not limited thereto, but it is apparent that the microcomputer 130 continuously 
checks the error modes. 

[00127] As described above, according to the temperature control apparatus for a heater 
using an encoder switch and the method thereof according to the present invention, the indoor 
5 tenq>erature can uniformly be maintained by receiving a user's set temperature through the 
encoder switch as a digital signal, comparing an indoor temperature inputted in real time with the 
set temperature, and repeating an on/off operation of the burner according to the result of 
comparison 

[00128] Also, the present invention can prevent the heater from being frequently turned 
10 on/off and thus protect the system by setting an operation condition of the heater so that the 
heater is turned on if the indoor temperature is lower than the set ten5)erature by less than -2®C, 
and is tmtied off if the indoor temperature is higher than the set temperature by more than PC. 

[00129] Also, the present invention can display the indoor temperature and an abnormal 
operation mode (e.g., error mode) during the operation of the heater through a temperature 
1 5 display unit, and makes it possible for the user to accurately and promptly cope with the error in 
accordance with the kind of error by classifying and displaying tte kind of error during the 
operation of the heater, 

[00130] The forgoing enibodiments are merely exemplary and are not to be construed as 
luniting the present invention. The present teachings can be readily applied to other types of 
20 apparatuses. The description of the present invention is intended to be illustrative, and not to limit 
the scope of the claims. Many alternatives, modifications, and variations will be apparent to those 
skilled in the art. 
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